PROCEEDINGS 

OF THE 

NATIONAL ACADEMY OF SCIENCES 

INDIA 

1956 

VoL. XXV SECTION-A ^ 



NATION AT. ACADEMY OF SCIENCES, INDIA 
ALLAHABAD 


THE NATIONAL ACADEMY OF SCTKNC ES, INDIA 

{Rtfiislnfrl under Act XXI nf ilUifl) 

Foundtd 1930 

CotincH for 1856 


Pr^ftdtnt 

IVof. 5*. L. Sriv.i'ituva. F.NM.. I'.X.A.Sr,. Allah.ilvHl. 

Vkc-Pr«(idtnts 

A. (1. Banci ii. M.A.. NLSr., F.R,A..S.. F.N.L. F.N.A.Sr., AIlahalcMl. 

I’, \V. !). W<M. M.A..(:.1.1'... F.A.S.. F.N.F. F.N.A.Sr., S,Hn:.u. 

Honorary Iraaiurar 

Dr. R. K. .S..k« iu. D.Sr.. F.N.L, F.N.A.St*.. AUalwFatl. 

Fortign Stcrttary 

Prof. .S, Ka»i.m, N!..Sr„ F),.Sr.. F.N.I., F.A.Sr., F.N.A.Sr.. 

Gtnarai Stcrttarits 

!'r..r. .S, <ih..sh. D.Sr.. F.R.I.C., F..\,!.. F.N.A.Sr., AUafu.l.uii, 

.Stui S, U.iMi. .\I,.Sr,, F.N.F. F.N.A.Sr.. N. w Drllu, 

Mtmbers 

IVnl. M. Sah... n.Si'.. F. hf.i, F,. F.A.S.lF. F.N.I.. F..N.A.Sr,. I .H.S., 

. kilniH.i. 

Pro'* N J)har. D.Sc., F.H.I.C.. F.N.L, F.N.A.Sr,, AIl.iii,il..Hi, 

Prof, it, R. Mrhia, .Vl.Sr.. Pii.D.. F.N.t.. F.N.A.Sr.. AlS.diah.i.l, 

Prof. D. S. Kothau. M.Sr,. Ph.D., F.N.l,. F.N.A.Sr., i). Uu, 

Prof. A. K.. HiKUtariuii ya, D..Sr., F'.R.Lil., t‘’.N..‘\,Sr., .S.tiiisar, 

Prof. 11. J. Hhaliba, Ph.D., D.Sr., F.N.L. F.A.Sr,, F.N.A.Sr,. F.R.S,, Hi,mha>. 

Prof. P. .S. {JilL .M.S,. Ph.D,. F.A,P..S.. F.N.l.. F.N,A..S.-,. ,\!ir..ih, 

Pr(*f. K, Baiiriii. D.Sr.. F.N.l., F.N.A.Sr., AU..!.ataii. 

Prof. A. <:. Ciiailrj ii. D.Sr.. Dr.IiiK.. F.N.A.Sr.. Lurkn-.w. 

'Fhr Preicmlinns qf the Amdrmj «/ Rciemn, India, is ptiLliilu t! iit twn wt- 

lioiis : .Srrtir.n — A (Pit>'^iral .Sririirrs) ami .Srciion—lt .,1 .St .Six 

p.'ii'ts of rath srrthin .art* pulili*li< <1 aiiiiiiany. 

'Flu* F'.tlitorial Board "m iis work of rxainliiiiu' |iapns trrcivrd foi u 

i.H .assisted, ii» JUt ilontnai y rayarliy. hy a tars;r iiuinlirt of tiisiiiiKoi'dtrd sririnists, 
Paprr.s art* accrptrtl from mrmliris of tlir adrii.y in tjart/ Mmiding, In r.oir tif a 
jtiiiit p.aptn', fine tif the authors must hr a meuihrr of ti»r .Aratiriiiy. 'Fhr Ar.ulrmy 
as.sumrs no rrsponsllilFiiy for tire .siatrnrrtrt.s amt opinions ativant rd liy tlir asillMU'.. 
The papers mu.st conform strictly to the rulr.s f<»r puMiraiiini t.f pajms in tlir /'rnttr 
dkgs, A total of ,W reprints are supplied free of cost to the amhor or autlna-,, ‘flie 
authors may have any reasonahh; nnmher ttf Jitldiiional leFnints .it rust purr, prtivi- 
detl they give prior intimation while ir-tuuihn'. the prttof, 

Cornm«niciUit»n.s regarding contrihutittns for judilir.uii.'n in the Pruer, -dings, fiooks 
for review, suh.scriptions etc., slnndd he .settt ti» the <hnr(.d Sniet.try, 'Fhe 
National Academy ofScieners, India, Lajpatrai Rnad, Allahabad 2 (lt«ha|, ’ 

Anntial SutjHcription for each Section : R». 30 f Inlands ; 00 alt. fForeSfn) 
Single Copy : Be. 5 (Inland) : 10 »to, (iroreignj. 



PROCEEDINGS 


OF TtlE 

NATIONAL ACADEMY OF SCIENCES 

INDIA 

1956 

Vol. XXV SECTION- A Part I 


A SIMPLE THEORETICAL TREATMENT OF ALKALI HALIDE 

GAS MOLECULES 

By 

LINUS PAULING 

Division of Chemistry and Chemical Engineering^ California Institute of Technology, 

Pasadena, California 

(Read at the Silver Jubilee Sewion on 27th December I&55 at the University of Lucknow.) 

The application during the last few years of the techniques of microwave 
spectroscojpy to ^as molecules of the alkali halides has provided a great deal of 
precise infortnatioa about their properties, as summarized in a recent paper by 
Townes and his collaborators.* They discussed some of these properties in terms of 
tlic fiidii and the polarizabilities of the alkali and halogcnkh- ions, with use of an 
equation derived liy Rittner,® in which the repulsive energy is taken as exponential 
in form and the energy of attraction contains three terms, one representing the 
clcctrc^static interaction of the positive charge and the negative charge, the second 
the energy of polarization of each ion in the coulomb field due to the other ion, 
and the third the mutual electrostatic energy of the two induced electric dipole 
moments. The cxpi'riinental values of the coefficients in the expression for the 
potential energy of the molecules agree only roughly with the theoretical values 
calculated with use of the approximately known values of tlic ionic polarizabilities. 
The equilibrium internuckar distances were found to lie approximately equal to 
82 percent of the sum of the crystal ionic radii, and the values of the electric dipole 
moments are intermediate between the product of the electronic charge and inter- 
nuclear distance (eorre .sponding to an extreme ionic .structure, without polarization 
of the ions) and tin- values caleidaled by R ittner’s <-xpre.s.sion, with the ions twlarized 
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given m Table 1, together with those experimental values that are known The 
mean deviation of calculated and observed values for the 15 alkali halides for' which 

me mum _ deviation IS somewhat larger than for the crystals 0-00 1 X 1 nit the 
agreement .sncvort ic css s«ti»fymg, i„»»ra„cl, a, ,l.c i„nic radii timt W Um 

" T “ -»'to <■' "l>t»in asrc<»n«t wi 1, 

tne (xpciinK.ntcU values for the crystals. It is satisfying that such a <ihnnU 

theoretical treatment, inviilving neglect of polarization, ^h^ds to a satisl4.i v Tn-l 
Inoiccuks!^ interatomic distances m alkali halide crystals and alkali halidl gas 


Values of the vilirational frequency t.v can lie calculated by 
turn 3, which can be derived bv a secomi dilferentiation of 
energy. 


use of I'lqua- 
tlie potential 


w,, 


f(K -!)/■* 11/2 

-I TT J 


CO 


In this equation (>■ is the reduced mass and c the velocity of light. The calculated 
values and the_ availalde expei iniental Viilnes ar<- given in Talile 2. It U seen that 
p»r a uunilicr of the moleeules lh(‘ agreement is exeellent, Inil that for .some there 
i« signthcant^ lack of agreement, which is to be attrilmted to the neglect of polari'/a- 
tion and partial covalent liotid character in our Equation 1. 


Equation 1 can also be used to predict values of the heats of formation of the 
diatomic gas molecules from the gaseous ions. The value of the heat of formation 
IS to be found by replacing in this e<(u.ilion by r«, and correcting for zm'o-poini 

''i'nov ’'“‘1 o '’tdhalpy of the. inns and the gas molecules 

at 0 K. and 2o G. 1 he calculated values given in Table 3 are simply those of 
the expression ; the corrections for zero-point energy and for chanire 

from ti k to !1 joO have not been made, becau.se they cancel one another effe^ 
tively. Experimexital values of / T/o. the enthalpy of formation of gas molecules 
from the gaseous ions, are also given for the eight molecules of the alkali halides 
for which experimental information is given in the Circular of the National Bureau 
of Standards.* 


T!ic duingf. from the heat of formation of the elements in their standard states 
to that h'om the gaseons ions was made with use of the energy quantities given in 
Nature ()f the (nuanicallhaKh except that the electron allinity of fluorine has 
l>een taken ^ as ^84i> kcal/molc,^ the cliange from the older value resulting from the 
new deterniituaibai ()f the heat of dissociation c>f fluorine. It is seen that for five 
'Of the alkali halid<\H for winch (’xperimental values arct available the agreement is 
gomi ; I think that it is not unlikely that for tlie other tlu'ce at least a part of the 
discrepancy is to be attril)uted to (UTor in the experimental values* 

There is no douln. tluu Equation 1 is only a poor ai>proxnnation to the actual 
rxprf'Msinn fnr the pnifTitial energy <>f an alkali ion and a halogenidc ion, and we 
niay ask why reastmat)ly gof>d agreement with (‘xperinu-nt for some properties of 
tlu' molrenb’.s ^ k obtained by its use. I think that it is probable that there is a 
eancf nation of eifects du<*^to pidarixation and partial covalent l)ond character. 
The polari/nticm of the itins increases the attractive force between them; however, 
it also displaces the electrons in such a way as might be expected to increase th<* 
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repulsive potScntlal, as well. Moreover, we have chosen a set of additive values o 
the repulsive exponent so as to get good general agrcenicnt with the equilibrium 
internuclcar distanecs, and this choice presumably leads to potential function.s that 
represent good approximations to the correct ones. 


Equation 1 and Table 1 , with the additive values of the Boi'n exponent, might 
v discussion of the properties of more complex moIccule.s, such as 

M 2 ^ 2 j M 3 X 3 , etc., and of complex ions, such as MqX***, etc. There is some evidence 
that these larger complexes are present in alkali halide vapors ; To\mts and his 
collaborators mention in their paper that the values of internuclear distances re- 
ported from electron diffraction experiments arc al)out 4 percent greaten- tlian the 
microwave values for the lighter alkali halides, and that this discrepancy may 
be the result of the presence of dimers in the vapors. It would be interesting 

the thermodynamic properties of the vapors 
the alkali halides could be predicted by a simple theory l)ased upon tlie 
^ ssLimption that the molecules have an ionic structure and that polarization can I)e 


table 1 


Values of Ionic Radii of Alkali and Halogenide Ions and of Calculated and Obsemd InternudeAr 
Disfan ces oj Diatomic Alkali Haloffentde Molecules^' 



F- 

Cl- 

Br- 

I* 


»- = l-341 

1-806 

1-951 

2 -I 68 '<; 

Lb 

1-518 

2-027 

2-170 

2-'59y 

r+=0-607 



(2-170) 

(2-392) 

' Na+ 
0'958 

1-833 

2-353 

(2-361) 

2-502 

(2-502) 

2-722 

(2-712) 

K+ 

2-130 

2-667 

2-821 

3-()4B 

1-331 


(2-667) 

(2-821) 

(3-048) 

Rb+ 

1-484 

2-239 

2-790 

(2-787) 

2-945 

(2-945) 

3-174 

(3-177) 

Cs-^ 

1-656 

2-345 

(2-345) 

2-916 

(2-906) 

3-072 

(3-072) 

3-30G 

(3-31.5) 

* The values 

in parentheses 

are experimental 
spectroscopy. 

values of 

>■«, from micr 


owave 


f ^ ] 



table 2 

CalclnM .nd OI,„„d Valu,. of, He Vihfe^ Fre,.,n,y (i, »■., A, Mi 

tialogemde Molecules^ 

I- 

586 
(450) 

289 
(286) 

197 

( 200 , 212 ) 

140 

(147,134) 

116 

(120,103) 



F- 

Cl- 

Br- 

Li+ 

1100 

760 

666 

(480) 

Na* 

603 

404 

332 



(380j 

(315,235) 

K-^ 

433 

291 

229 


(405) 

(305,280) 

' (230,231) 

. Rb+ 

363 

232 

170 


(390,340) 

(270) 

(181,169) 

Gs+ 

321 

203 

163 


(385,270j 

(240) 

TABLE 3 

(171,143) 

Calculated and 

Observed Values of the Heats of Formation of Diatomic 


. Molecules from Gaseous Ions] 


F- 

Gl- 

Br= 

U* 

184-7 

147-2 

(150) 

134-4 

(142) 

Na+ 

154-6 

124-1 

117-3 


(149) 

(124-0) 

(119-9) 

K* 

133-1 

109-6 

(109-2) 

104-0 

Rb+ 

126-4 

104-5 

99-5 

Cs+ 

119-9 

99-7 

95-1 


I- 

122‘9 kcal/mole 
(123-1) 

108-5 

(111-2) 

970 


93-0 

89-0 


UEFERENGES 

1. A. Honig, M. Mande], M. L. Stitch, and G. H. Townes, Phys. Rev.. 96 629 ( 1954 ) 

2 . E. S. Rittner,J. Checn.Phyj., 19, 1030 (1951), ’ ' 

Unlven!ty^PreM“,“llhfca^N. Chemical Bond, 2nd edition. 1940, page 355. Cornell 

4. Circular of the National Bureau of Standards 500, 1952. 


pair areThL KTSbirl S Z ^ Parentb«es. The sing e values and the first value of each 

values of the Dfi« Lrthns. tiL i ^K Mandel, Stitch, and Townesi. the second 

es ot me pairs are those given in the footnotes to this table- they are presumably less accurate. 

] iJiXpcrimcntal values in paranthcses. 
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REDUCTIONS WITH LITHIUM-ALUMINIUM-HYDRIDE IN 
ORGANIC CHEMISTRY 


By 

P. KARRER 

University of Zurich, Zuruh 

(Read at the Silver Jubilee Session on 27th, December 1955 at the University of Lucknow.) 

The advancements of natural .sciences is based to it considcrtible extent upon 
the development of new methods of investigation and improvements of Jipparatus and 
technique. In the field of chemistry newly introduced rnctliods of investigation have 
produced sudden and often revolutionary progress. I quote as recent cxtimples the 
methods of chromatography, paper chromatography, infrared sept-ctrography and 
isotope-tracer-technique. 

The introduction, seven years ago, of lithium-aluminium-hydride as a reducing 
substance represents a similar and very valuable new method of inve.stigation. In 
1947 Schlesinger^ synthesized this stibstancc for the first time and rccommcndtxi it 
as a reducing compound. Since then, lithiura-aluminium-hydridc has becomt; of 
great importance in preparative organic chemistry and partly in inorganic cltemistry 
as well. Compounds that previomsly could be .synthesized only with dilliculty could 
now be made with greater ease and numerous entirely new compounds cotdd also Ix^ 
made. Comparable in its significance to the Crignard-coiupouiids of tlur previoins 
decades the lithium-aluminium-hydridc has become one of the most lused reagents in 
the passed decade. 

Lithium-aluminium-hydridc can be synthesized from lithium-hydride and 
aluminium-chloride in dry ether : 

4 LiH -b AlClg = LiAlH^ 4- 3 LiCl 


. ^ For technical purposes it is usually made from Lithium-oxide, which is heated 
with magnesium and hydrogen to high temperature. The mixture of lithium-liydrid,- 
and magnesium oxide thus produced is then lirought in reaction with aluminium 
chionae.“ 


^ Lithiumraluminium-hydridc is soluble in ether and tetra-hydrofurane* It is 
relatively stable. Comparing it with other complex hydrides used in reduction 
processes one finds that such hydrides become more stable, less ethei-soluble, and 
less reactive as their polarity increases. Lithium-aluminiuin-lu'drldr has an inter- 
mediary position in the senes of hydrides if arranged according t(') polarity : 

BoA < A1 (BH4)3 <Be(BH,)2 <LiAlH, <LiBH^ <NaBIf4 

Reduction by means of lithium-aluminium-hydride are product^d in solvtmts 
free of hydroxyl. For most purposes one works with dicithyletlua', Ifhiirher tem- 
peratures are necessary one '-chooses tctrahydrofuranc inst(^acl, or, more rarely 
dibutylether or dioxane. A few reactions have also been produced in N-etliyb 
morpholine. ^ 


Lithium-aluminium-hydride is decompnsed by compounds coiualnlng active 
hydrogen, as for instance water, alcohols, amines etc. and hydrog(;n i.s produced. If 
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can therefore be used for the quantitative deterinination of such active hydrogeh 
atoms.^ 

LiAlH^ + 4 HOR=LiAl (OR)4+ 4 

Lithium-aluminium-hydride is, however, of highest significance for organic 
chemistry, because it selectively reduces nearly all carbon-heteroatom-bonds without 
generally attacking carbon-carbon double bonds. It is therefore suitable for the 
selective hydrogenation of functional groups. However, the reduction process may 
also involve at times the carbon double bonds that are in conjugation with sucla 
functional groups. 

The reductions by lithium-aluminium-hydride of organic compounds often 
consist in a nucleophilic substitution on C-atoms by hydrogen anions.^ One 
assumes lithium-aluminium-hydride to be a polar compound which in solution 
decomposes into negatively charged AlH^-ions and positively cliarged Li-ions (into 
A1H4* -anions and lithium'** -cations). This assumption is corroborated by 
X-ray studies of the similarly constructed lithium-boron-hydride. It is believed 
furthermore that in ether aluminium-hydride-ion A1H4- is in equilibrium with 
AIH3 and H“. 

LiAlH4:F^Li+ + AIH4" ^^AlHa + H- 

Perhaps the enhancing effect of ether upon the reducing potency of lithium- 
alum inium-hydride consists in a coordinative binding of aluminium-hydride AIH3, 
whereby the effect of the hydrogen-ion is increased. 

All 4 hydrogen atoms of lithium-aluminium-hydride can be utilized in reduc- 
tions. The reaction of a carbonyl compound, e.g. of an aldehyde or ketone, with 
lithium-aluminium-hydride may proceed as follows : 


3 ^ 2^-0 
> 


4. LiOH -v 


ee 


Li(AlH^) 


\ ^ 

: 0 '- 

\ 

R.^CH-b-Al-O-CURo 

i - I •• i 

:0: 

CHR2 


0 


R.C-O: 
d[ \ 

H AlH, 


0 


Li 




lP ^2° 4 R.CH 

' > ^ 


The introduction of the hydrogen doublet into the sectet electron deficiency of 
the carbon atom represents the first step in the addition of the aluminium-hydride- 
complex into the carbonyl group. The aluminium-hydride-complex releases one 
hydrogen anion, and then the aluminium-hydride combines with the polarized G-O- 
groups of three additional ketone^ — or aldehyde molecules. The resulting coordi- 
nation compound is easily split quantitatively into 4 molecules of alcohol, lithium- 
hydroxide and aluminium-hydroxide. 


I 7 ] 



Experiments of G. and P, tiornberger ^ hivi\\iiY corrolioraU* the assiun|)- 

tion that the primary step in the reduction of a CO-group by lithiuriKiluminium- 
hydride is an introduction of the anionic hydrogen doublet into the electron 
deficiency of the G-atom : Carbonic acid amides may l)c written in tlic following 
mesomeric formulae ; 


R 




\01 


R 


(+) R 

R’CxN' 


© R 




R 


a) 


b) 


c) 


Only the last form c) contains an electron ciciiciency and therefore can accept 
a hydrogen anion. But this form exists only in quite low proportion in the meso- 
mere mixture of common amides, because the G-atom with its sextet can easily 
fill up its octet deficiency by attracting the doublet of the nitrogen. 'I’hercfore 
common amides do not produce any significant amount of aldehyde if acted upon l)y 
lithiuin-aluminiurn-hydride, for the G-atom fills up its sextet to an octet more easily 
by taking up the nitrogen doublet than l)y adding the hydrogen-anion. Tlic incso- 
meric form_ c) does get stal)ilized and conditions for the attachment of the negative 
hydrogen ion into the G-atom arc being produced, if the interfering doublet of the 
nitrogen atom is drawn into a suital)lc resonance system. I’his effect is produced 
by the combination of the carbonylic group with the carbazole ring which fixes 
the doublet of the nitrogen to such an extent that a reduction yielding compound A 
becomes possible. Gompound A as an aldehyd-ammoniac is easily hydrolysed into 
aldehyde and carbazole : 




M (-f B 
1 

\0l 






lb) 

>c. 

1 

101 

(') 


O 


(+> (-) ” <f'.> ^ 

UL, R‘-C-N< r R-C MeOH 

0 

A 


A variation of this reaction is the reduction of N-mcthyl -an Hides hy lithium- 
alummiurn-hydride which forms also aldehydes 0. ^ ^ uuum 

The type of reactions of lithium-aluminium-hydridc very much resemliles those 
ofthe alkyl magnesium salts discovered by Crignard^; this is shown by all recent 
investigations. Such analogies exist between the reduction of aldehydes, ketonc-s 
and carbonic acid esters on the one hand, and the formation of a lcohols from 
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carbonyl compounds and alkyl magnesium salts on the other i 

RR’C=0 RR’CHOH . RR’C^O 

► > 


RR'C 


CU 


OH 



RCOOC gHg RB ' CH-aOH RCOOC^Hg RC (CH 3 ) sOU 


Likewise, epoxydcs^ are spilt similarly by both reagfents 






'\ 


>C^ — C< 

: > I t 

OH H 


>C C< 

V 


CHjM^X 


>C 


, f< 

OH CH3 


Q^uartcrnary salts of quinoline, isoquinoline, phenanthridine etc. undergo 
analogous reactions with lithium-aluminium-hydride on one hand, and with alkyl 
magnesium salts on the other^: 



1 he reduction products of such quarternary salts prepared with LiAlH4 are 
usually ortho-dihyrodcrivatives. This is proved by the fact that the same com- 
pounds can be obtained by reduction of chinolones, phenanthridons, ete.^® 



But already some years ago we found that Na2Sa04 sometimes reacts with quarter- 
nary salts in another way than LiAlH4. The two reduction products of phenanth- 
ridinium-salts for instance are quite different, 

a-Aminonitrils react with LiAlH4 in two different manners : in the normal 
way which is the formation of diamines, or by reducing elimination of the ON-group, 
Older investigations of Bruylants and of Stevens, Connan and Mac Kinnon had 
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jown that tile Grignard reagents behave quite analogously towards a-aminonh 


R' 


4 . ^ ■R2N-C-CN R^NC-CH^NhU 

^ r... > i i 


R" 


R" 


R' 


RoNCR" 

? R„ -t 


R‘”MgX 


R‘ 

RpN-C-CN 

R" 


R"’MgX 


R ' 

flpN-C-COH"' 

R" 


towar* Sth rSgL’ ThrNltrotowE“T"‘?” ■ '''“‘'"■ 'v 

magnesiumchloride in elher-solution Ms idtromT miiraTd ^ 

lar conditions HONNOH is monoxide* In 

aluminium hydride, which is also, the simplest synthcSi?orhVl!?ni 


0M«X 


OK. NO + C.HcMgX >-0N.N;1- ^ ON.N 

o 3 U 


C^Hg 




OK. NO +.HU(A1Hj)__>ON.N 


OLi 

H 


->on.n 


OH 

H 


HONaMOH 


Amongst the many known reductions with lithium-aluminium li\vl. :,i i* t 
attack the carbon-heteroatom-bonds I should like to mentioi, briolly the rl,iLb“ 

speciat%d“it%Uehydes“'' S^iStSd 

dary amines ; aliphatic nitrocompounds yield am'incs”^ nnd arinn-ifir^^ri'^/ ^ sccan- 
m most cases yield azocompounds The rcSon of «itrocompoiu»ds 

amines « that of cyclic acid Wridcs k^^^^^^^^ 


RjC^nOH 


CD-NH 


> RaCHjNHj 

(CHj-l . 

I I 


RCH=NH — »RCH, NH e 


-CH-CO 


-CH“CHa 




-CR-CO 


-CH-CO 


\ 


0 


•dkmines FcHaCHNH'ci^^^^^ active 

the configuration °f '^hich was-provedilthb ^'ored, 
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The ability of litKium-aluminiurti-hydride to reduce eifecfivel v ■ ^ i 

temperatures is especially valuable. Thereby .even sensitive SstanceS mavS 
hydrogenated by this compound without danger of- ‘ j “ X 

Thu, one cp obtain [J i„,tance opSau " Sve aSSXrfr^m 
optica ly active aminoacids without any recemization, which previousTy had be?n 
possible only by resolution of the racemates.^ These aminLlcohols seem b? 
come more and more interesting, since it was discovered i-b-it H i cf “ 
component of the secale alkaloid ergometrine, and L-histidinol to be an intermediary 

Remarkable physioloc^ic Ss of 
T-histidinol and of the reduction product of tyrosine, L-tyrosinol have'^recentlv bf,/,n 
'-“y . inhibit \he rWenor.ronrf x."““,^a™ 

So?pro“uL »<■ 

The aminoacids L-prolme and L-gltttaihic acid, both constituants of nroteins- 
could be proved to be of'ihe same L-conflguration, because the kme L-2-oxymethv- 
Ipyrrolidine was obtained through the reduction of L-proline-ethylester by lithium- 
aluminium-hydride as well as through rfed-uction of the L-pyrrolidone carbonic acid 
ester as derived from L-glutamic acid ester‘-“i'; “ 


CH,. 

CH, 


\nh 


CH, 

CHCOOC-H- 
/ 2 5 


CH,- 

CHj 




CHCH,011. 


NU 


CH. 

- I ' 
CO 


Nil 


CHCOOC’ H, 

/ 5 


CH,2— CH, 

-I < -j 2 

CQOH CHCG0H 

I 


L-Proline- 
. ethy l ester 


L-2~Oxymethyl- 

pyrrolidine 


L-Pyrrolidon- 
Garbonic acid ester 


L-Glutamic 

acid 


aminer^ reduced by lithium-aluminium-hydride yielding poly- 


. HjNGHaCO.NHGHGONHs 
(iHa 

I 

GH (GH3)3 

Glycyl-L-leucinamide 


— — »■ 


HaNGHjGHaNHGHGHnNH, 

I “ “ 

GH3 

I 

GH(GH3)3 


N'a.cyl. compounds, when reduced, yield N-alkyl derivatives, in most cases. 
Indoles and carbazoles which are substituted in the indole nitrogen by an acyl-group 
behave differently however, for their acyl group is removed by reduction^® : 


aCO.NH.Rv 


RCH2NHR' 



• LiAlH^ 



-CR. 


+ HOHpCCVl. 


f I I- J 



N-methvl-o-pvrrolidone could be. hydrogenated under mild coriditiont and 
yielded y-metbyl-aminobutyraldchyde, . The latter is a valuable starting material 
for the synthesis of alkaloids” 



2,4-dimethyl-3-acetylpyrrol yielded kryptopyrrol ” if acted upon by our 
reducing reagents and not the respective alcohol, 

‘ ' Ethers are generally not altered by lithium-aluminium-hydride, but bcnsiyl— 
and aliyl phenyl ether could be partially split in presence of cobalt 11 chloride,*^ 
U boiled ' with lithium-alurairiium-hydride-solution for a prolonged period of time. 
Enol-ethers too are quite stable in most cases in presence of the reducing agent, Init 
exceptions have occasionally been observed, for the first time with coryuantlu^iiK*. 
Dihydrocorynantheine yields two isomeric desmtthoxy-dihydrocorynanthrine alco- 
hols if treated with lithium-aluminium-hydride*^’^ 



Dihydrocorynanthe in 

Incomplete hydrolysis have also been observed in enol-ethers of 1,3-diketones.^® 


Although most alcohols are not reduced by iithium-alurniuiuin-hydride, others 
may be reduceable, namely those the hydroxy Igroup' of which has been activated. 
This is the case for instance in derivatives of benzyl alcohol, which in their benzene 
ring contain; amino-, methoxyl-, or similar substituents^^ in o- or p-position 
relative to the carbinol radical. Here the hydroxylgroup is removed by reduction. 
For such reductions a reaction mechanism has been proposed which includes quinoid 
intermediary products, whereby the substltuant acts as dopator of electrons : 



<+> 


\ ~ 


> 



- iSu mentioned transformation of carbonic acid amides into amines 

m which a C=,0-group is changed to CH, may possibly representTrdaS reaX^ 

aluminiuLSride Stth‘^7h?^ usually inert in presence of lithium- 

reduced to the ethyiene bond « ^ acetylene bond is sometime? but not always 

c n 



Ethylene bonds which are in conjugation with CO, NOj and other reduceable 
groups, arp often included in the hydrogenation process Cinnamic acid and 
cumaric acid ester for instance are reduced to hydfocinnamic alcohol and 0-hydrdicy- 
hydrocinnamic alcohol respectively, y3-nitrostyrole to ^S-phenyl-ethylamirie etc.**' **> “ 
In rare cases also reductions of carbon double bonds not CMijugated with polat 
groups have been observed as for instance with cinnamic alcohol and allvl 
alcohol.** ^ 

The carbon-sulphur bond is rather insensitive towards lithium-aluminium- 
hydride and mercaptanes, thiophenoles, thioethers, thioacetals and thiorenol-ethers 
are not attacked. But the reaction of lithium-aluminium-hydride with aliphatic 
and aromatic, sulfonic acid esters has resulted in quite interesting findings, which 
I am going to discuss presently in some detail. Sulfonic acid esters of phenoles 
are split by the reagent into phenoles and the respective sulfonic, acids. Alkyl- 
sulfonic acids behave differently : Some are split like arylsulfohic acid esters, 
i.e. alcohol and sulfonic acid are produced, but in many other cases the lithium- 
aluminium-hydride replaces the — OSOjR-groups by hydrogen, which results in 
the formation of hydrocarbons (or substituted, hydrocarbons) as well as of ^ulfonic 
acids. Using this reaction one can therefore easily substitute OH-grWps in 
aliphatic substances by hydrogen ; 

Aryl— OSOaR LiAlHa ' ^ryl— OH -k RSOaH . 

Alkyl— OH + HO.SR ^ Alkyl-OSOaR Alkyl-H+ HOSOjR 

Basing on the hitherto known rriaterial it is impossible to predict under which 
structural conditions the alkyl sulfonic acid esters are split in one way or in the 
other. However, in sulfonic acid esters of primary alcohols the substituent -OSO^R 
seems to get replaced nearly always by hydrogen, under formation of oxygen-free 
derivatives 


This reaction has often been utilised in recent years, for instance in order to 
synthesize desoxysugars from sugars. Several desoxysugars have thus become 
more accessible. I am going to give a few selected examples : 

6 - toluene ^ sulfonyl - diacetone - D - galactose? (1, 6) yielded diacetone-D- 
fucose - (1 , 5); 4,6 - ditosyl - 2,3 - anhydro - a - methyl - D - alloside yielded, de- 
pending upon the chosen reaction time, either a - methyl-D-digitoxoside or its 
4-tosyl derivative which in turn can easily be converted into cymarose. 


CH30, 


CH. 


CH 

1 

^ CH 

( 

1 ^0 

HCOH 

1 

< HC'' 

HCOH 

1 

HCOTs 

HC 

HC 


ai|itoxo^i4e 


CH,0 

3 ^ 


CH2OTS 


CH 

CH, 

I 2 

HC-OH 

I 

HC-OTs 

I 

HC-^— 


j 

CHOH 


I 

CH^ 




-OCH. 


'HC- — 

I 3 
HCOH 

-■'f- 

HC — 

I 

CH ’ 
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; • i,2 - monoacetone - 3,5 - bcnzyliden - D - fducosc - G - tosylate could be 
reduced ' by lithium-aluminiumdiydridc tb yield D-quinovose (D - glucomethy- 



1,2-acetone - D- xylose -3,5 -ditosyl-ester gave D - xylomethylosc and 1,2 
acetone - L - arabinosc - 5 - tosyl-ester gave L - arabo-methylosc.®* 


The reduction of p-toluene-sulfonic-acid-csters by litlutim-aluminhim-hydride 
has become of high importance in the steroid group. If this reducing reagent acts 
upon cholesterol tosylate, two different compounds are obtained .side by side: 

cholestene and 3,5 - cyclochole,stane (isocholesienc). Their formation is 
obviously due to the_ fact that a mesomcric kalion (A, B) is an intermediary 
product of the reaction, which in its turn is hydrogenated by the negative 
hydrogen-ion.^*? 



Oioiestef In 
tosylate 


u r 



Epicholesterfn- 

tosylate 



strongly stereospecific. Thus 
( 74 /o_) and ^5 - are obtained instead 

reaction is made with epicholesterol tosylate instead of 
differ only in the configuration at the C-atom 3 


only A 3, 5 - cholestadiene 
of the cyclosteroid,*» if the 
cholesterol to.sylatc, which 


_ Also the position of the tosylated hydroxylgroup within 
influ.cnces considerably the course of the reduction process 7 
tosylester is thus converted by lithium-aluminium-hydride 


tlie steroid molecule 

- Hydroxycholestane- 
ijito cholcstane, but 
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the tosyi-ester, of 6 - hydroxycholestane yielded; a mixture of cholestane and 
6-hydroxycholestane “ ' ' ' ” ,'1 




6-Hyciroxy- Cholestane 

cholestane 


This reduction method is very suitable for the recovery of the so-called 
i-steroids or 3,5 - cyclosteroids, which previously had been accessible only with 
difficulty. Such a 3,5 -cyclosteroid was also obtained from crgosteryl tosylatc, 
namely ”3;5 -cyclo « ^“^’^^-ergostadiene (i-ergostatriene), together with little 
crgosterole. An analogous reaction took place if lithium-aluminium-hydride acted 
upon 7 - dehydro-cholesteryl tosylate.^^ 



BrSQsterin-tosylAte 



One could furthermore observe the formation of a cyclo-steroid from a steroid 
alkaloid (solanidine), when solanidine-p-toluene sulfonic acid est^r was hydrogenated 
with lithium-aluminium-hydride'*^ : 



Sol anidine-tosy late 



3 > 5-Cyc 1 o s oA aaidan 


In the field of alkaloids likewise the reduction of p-toluene sulfonic acid 
esters has repeatedly been applied with success. The codein-p-toluene sulfonic-acid- 
cster for instance can be reduced by lithium-aluminium-hydride to yield the 
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previously unknown desoxycodeine and the tosyl ester of dihydrocodeinc 
behaves similarly^* : 



Sometimes strange rearrangements within the carbon chains c^cciir during the 
reduction of p-toluene sulfonic-acid-csters by litliium-al luninluni hydride. One 
could thus observe formation of 2“phcnybpcntanc and 3“ph(‘nyl- pentane from 
2-phenyl-3*pentanol-toluene sulfonic-acid-cstcr treated with llthium ahnniniuiu-hyd' 
ride ; in addition 2~phenyl“pentene and S-phcnyl-pentcne. were formed m 
byeproducts 


CH^CH -t-CH-CH 
3 ) I 
0T6 


CH2CH-CH2CH2CM2 


4 2-pnenyl-pinteM 




The simultaneous appearance of both isomeric phcnyl-pcntancs suggests that 
they arose from a . common intermediary product. This intermediary cumpound 
may possibly be a phenonium-tolucnc-sulfonic-acid-cstcr of structure P, from which 
both structurally, isomeric phenyl-pentanes (and the isomeric phenyl-pentcnes) would 
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arise, depending upon the side at which the hetero-cyclic 6ve membered ring is 
split open : 



2-Phenyl-pentane 3-Phenyl-pentane 

(+ 2-Phenyl-pentene) ^ (+ 3-Phenylpentene) 


2-Pheny 1-pentane is the product of the normal reduction of the tosylester. The 
3-phenyl-pentane arises through the re-arrangement of the molecule. 

The mechanism of the splitting of the alkyltoluene-sulfonic-acid esters by 
hydrogenation is not well understood. But doubtlessly a nucleophilic substitution 
by hydrogen anions on the G-atom occurs in those cases where the entire- OSO^R- 
residue is replaced by hydrogen. Also in these reactions the lithium-aluminium- 
hydride behaves in an analogous way like alkyl-magnesium salts, which react, 
according to Gilman, with toluene sulfonic-acid-esters with formation of hydrocar- 
bons. 

^C-.pSO^C^Hy + 

(LiAlH^) 

>C:pS02C^H^ -»■ RHgX— > 

I should like to conclude this short survey of the uses of the nev; reducing 
agent in organic chjiinistry by mentioning its reaction with a heterocyclic substance 
of biological importance, namely thiamine or vitaminc Bj. Lithium-alumrniuir.- 
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kydride reduces thiamine and dihydrothiaminc'^' is formed, the syndicsis ofwhlcli 
had previously been attempted unsuccessfully by other methods : 



CH. CH2CH2OH 

I J I 


N-CNH 


N==CH 

( ( 

CH.C C-CH^ 
3 II 11 2 

N-^CNH^ 


CE. CHXHoOH 

I 3 I 2 d 



ThiamiTie 


DihydrothiaTiiin« 


The vitamin effect of dihydrothiaminc was foxuid to he a!)out 13 times less 
strong than that of thiamine, so that obviously there docs not exist any redox-sysiem 
in the organism between these two compounds. 

The great success of the reducing agent lithivmKiliuniriiuui h\(Ii idt* lias of 
course stimulated the seaixh for other similar hydrides to 1>c used in hydrogf'natina 
processes. Lithium-boron-hydridc, sodium-boron-hydride, lier^Hlunv l>or^ m h\Hh id<’, 
aluminiuin-boron-hydride and others have been proposed* Some of tliese are of' 
value for reduction processes in sonic special cases, but none of them is comparable 
with lithium-aluminium-hydridc as regards irnporlMnce and general apprHUibiliiy. 
Therefore the latter will presumably maintain an unchanged importance in {nepara*™ 
tive organic chemistry. 
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INTRODUCTION 

Natural waxes, like the carnauha wtix, arc neither pure nor tlefmttc chcmiciil 
compounds.' These waxes occur in crude form in nature and havtt to Ite refined 
'before being put to practical use. They are sold in the injirket in differeni grtides, 
depending on the conditions of extraction and ptirification, and conhiin normally 
mechanical impurities. Garnauba wax is extracted from the exudations of the 
palm species Gopernicia_ Gerifera (1). It is available in variou.s grtides in the 
market and the composition f>f these grades differs considerably (2). 'Fhe wax 
contains, in all grades, Myricyl Cerotate in the largest proportion and in addition 
a number of other organic compounds like Curlxiccryl alcohol, (Ictacosyl alcohol 
Montanic acid etc. It is of little importance, therefore, from the theoretical point 

of view to attempt to determine accurately the physical properties like electrical 

conductivity of such plant products. However, carnauba wax ha.s certjiiu remark- 
able electrical properties and hence it is essential to .study them accurately under 
various conditions to understand their nature in the light of similar properties of 
other solids. 


Garnauba wax along with some other polar compounds, ha.s the renuirkable 
property of being permanently polarized. If molten carnauba wax i.s allowed to 
sohdif^y between two electrodes kept at a high potential, the solidified {li.se devidoiw 
electric charge, . which is permanent if the disc is preserved properly. Thoutth 

some amount of work has been done on these permanently polarized liodies' iir 

electrets. as they are now known— the phenomena is still obscure in manv irsoecK 
(3). The authors searched for the “hysteresis” effect in carnaulia wax Ibr sl-adv 
currmts and found that it does not exist. The poor thermal and electrical con- 
ductivities of waxes may give rise to spurios results, which may lie mistaken for 
hysteresis, as was done previously in the case of paraffin wax, (4). Further experi- 
ments were carried on the conductivity of carnauba wax to determine. it.s dcoende .e,- 
on temparature and the electric field, and they are in the course of pul.licaiio.. 
In these investigations a number of peculiarities were observed. It was thereforo 

decided to continue the. work further by using difi’erent. metals as eiectimdes ii 
determining conductivity.- It is well known that tin . electrodes have ti be used 

electrodes either the electrets are no 
obtained or if they are obtained they do not show high electric charges ns observe 
with electrets prepared with tin electrodes. Iii the present invSrtio t im^ 
different metals were used as electrode material for comparision ^ 


apparatus • . 

r. „ waj essentially similar to that used in earlier invcstioMtin,,, cas 

Sw. H ^ pyrex beaker; and two copper 

thick to allow the wrapping of metal foils round it, were iteS in 

1 ^0 ! 



wax. The distance between the electrodes was kept constant in all the experinaents. 
by a special attachment at the top. This pyrex beaker was kept in a larger pyrex 
beaker containing oil. The outer beaker was heated from- below and the oil inside 
stirred with an electric stirrer. The temparature of the oil bath was changed very 
slowly and gradually. Two thermometers were used, one in the oil bath and the 
other in the carnauba wax between the copper electrodes. It takes considerable 
time for the two thermometers to show the same, temperature because of the poor 
heat conductivity of carnauba wax as already mentioned. 

A constant d. c. electric field of 150 volts was applied to the electrodes. The 
steady current passing through the wax was measured by a sensitive galvanometer 
with or without shunt as the case may be. Currents were read only when both 
the thermometers registered the same temperature, indicating thereby that thermal 
^equilibrium had been reached inside the wax and the entire wax was at a uniform 
temperature. ' Readings were taken for the electric current . corresponding to 
different temperatures by slowly increasing the temperature. The same process 
:^^s repeated when the wax was allowed to cool slowly. , 

The area of the electrodes was measured and the conductivity calculated from 
the current by the- usual method. Curves were plotted showing the variation of 
conductivity ohm“^ cm-i with temperature T^G. The range of temperature found 
most interesting , in the previous experiments was from about 72 °C to about 90^0. 
It is known that for electret formation, the wax has to be heated to about 90<^C and 
the field must be kept till the wax cools to about 70 ®C. 

Experiments were reapeated with different metals for the eletrodes. This 
was done by covering the copper electrode plates with the foil of the metal con- 
cerned. In the present investigations Tin, Nickel and Copper foils were used. 


KUiSULTS 

A large number of curves were drawn for each metal foil and the avarage 
values of <r taken for each temperature. In each case the value of at a particular 
temperatoe was found to be the same whether the wax was being heated or* being 
cooled. This fact also showed that no hysteresis for steady currents exists for 
all the three elec- trode metals. The value of <r is very small and hence in the 
attached curves it has been multiplied by 10^<^. 

^ n T general nature of the variation of c 

same for all the three electrodes. The value of o- for temperatures below 
sjuall. It increases slowly with temperature to about 79‘^C. . Above 
79 C the rise is very rapid till the temperature of about 83°C is reached. At 83°C 
the wax is m molten state and the melting point is clearly indicated in the curves 
at this temperature. Above 83®G the wax is in liquid state and the curve after this 
temperature is less steep. 


In the region from room temperature to about 75^G the wax -is in solid state 
and the conductivity though very small increases linearly with temperature in^ this 
region. Above 83^G the wax is in the liquid state and the conductivity again in- 
creases linearly with temperature. The slopes however of the different curves for 
each ra^tal electrode were different in the liquid state. Curves with nickel electrode 
have the maximum slope and those with copper the minimum slope, tin being in- 
termediate between the two. 
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In the solid state, on the other hand, the slopes with all the three me al 
^lertrodes are the same. The values of <r are different with dinerent electrodes 
£ as In the ca^ of the liquid state, hut the order in the two states is not the same, 
in the solid ttatc copper gives the maximum^ conductivity, while m the liquid state 
nickel electrodes give the maximum conductivity. 


The most interesting part of the curves is the region between 79^0 and 
In this region the wax is neither in the solid nor in the liquid state. AH the curves 
rise steeply in this region and show a secondary break at about 80 u. X he con- 
ductivity increases by about ten times in this region of 4^G, as is case 

with solids near the melting point. However the rise m 0 “ With J from 79 
to 83°G is not linear, indicating further changes in the wax, which is a ccunplex of a 
number of organic compounds. Another aspect of the curves in this region is that 
they cross each other. 


On the whole it may therefore ho established from these results that the 
material of the electrode has a definite influence on the corKiuctivity of carnauba 
wax. Whether this influence is due to the metal-wax contact surface (5), (6) or to 
reaction between the ions in the wax and the rnetal surface, is difficult to deckle 
from these experiments. Further work is needed using A* C. fields and. tlie in- 
dividual constituents of carnauba wax. However one fact is clear from these curves 
that tin electrodes have the lowest conductivity for carnauba wax in the solid state. 
This may be helpful in understanding why this metal gives the f)cst electrets. With 
tin electrodes carnauba wax acts as a better insulator. 

The authors would like to record their thanks to the Ministry of Education, 
Government of India, for the award of a research scliularslup to one of them 
(G. S. B.) which enabled the above work to be carried out. 


SUMMARY 

The electrical conductivity of carnauba wax at a comtaat d. c. field k determined ming diffit- 
rent electrode material. The experimental results show that the material has a definite Jnfiurricc cm the 
conductivity in the solid as well as in liquid state. Of the three metals used as electrodes only tin is 
known to give the best electrets. 
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STUDY OF THE EXClTATtON SOURCES USED IN SPECTRO- 
GRAPHIC ANALYSIS AS REGARDS REPRODUCIBILITY 

By 

J K. ZOPE ami ]. D. RANADE 
Department of Physics, University of Saugar, Saujar, (M.P.) 

(Read at the Annual Meeting on 28thL December 1954) 

INTRODUCTION 

In recent years, Spectro-chemical analysis has been employed to a great 
extent for the analysis of a wide variety of materials such as minerals, rocks, 
soils, refractories, slag and biological ash. Under proper conditions the Spectro- 
graph provides a very rapid, at the same time sensitive, techniciue for qualitative 
as well as quantitative analysis. Qualitative analysis, of certain wheat samples 
was done and it was found that the quantity of manganese was varying in the 
wheat samples and probably due to which the growth of wheat plants was 
restricted. * Before proceeding with the quantitative analysis of manganese, 
which plays an important role in the growth of plants, it was thought proper to 
study the nature of excitation sources as regards their accuracy and reproducibility 
of results, because the sources play a very important part in the quantitative 
estinlation of a particular element. Proper choice of an excitation source is very 
essential in order to get correct results. The intensity of a line will be afi'ected 
by the fluctuations in the source and thus the quantitative results depend to a 
greater extent on the nature of source used for excitation of the sample. The 
commonly used excitation sources are d.c. arc and condensed spark, while 
Gerlach^ used the high frequency spark source for the detection of trace element 
in human and animal organs. He used this method for criminal investigations also. 

The qualitative analysis of the samples is done by using a high frequency 
spark as the excitation source, as graphite or carbon electrodes generally, contain 
impurities even if they are purified. The presence of an element in the sample 
is diflicult to find if the intensities of the lines of an element from the sample 
spectrum are just the same as that of the control spectrum (Electrode spectrum 
without sample.) 

This difficulty of impurities from the carbon is removed by using high 
frequency spark sourcje. The advantage of this method lies in the fact that the 
samples to be analysed are used in the original form. This not only saves the 
laborious and lengthy work of preparation of ash but eliminates the danger of 
extraneous impurities, 

EXPERIMENTAL 

The principle of the high frequency method is that the high frequency excited 
in one oscillating circuit is transferred by inducticn to a second oscillating circuit 
in which is situated the spark gap. The electrodes used are, one made of platinum 
wire and the other aluminium plate with glass slide on it, For the plate electrode 
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ohhe spark gap an alumimum plate of i mm thickness and st/,r (2x3 cm) Is 
taken; on this a glass slide of size (3x5 cm) and 1 nim thickncsK is placed. 
The thin glass slide is made to adhere firmly to the ahimtniuiti plale with the help 
of a few drops of glycerine* The aluminium plate rests in a hall and socket 
arrangement and cah be turned while taking the spectrograin. 

'The second electrode is a platinium wlrejused into a glii« tiilnn At its 
upper end the wire is soldered into a thicker wire of Copper which is ciainped 
to the spark stand. The platinum wire is 0*5 inrn in diaiiirter. Flatiiuun is 
preferred because of its comparative purity and it does^ gel oxidi/atl during the 
passage of the spark and can be purified easily, d’he high fMM |in'n(‘v fipark nietluKl 
eliminates the impurity factor since the preparation is placed mi ilir glass plate 
which can be kept clean and the other electrode is of high pui ity. The purpose 
of the glass plate is to suppress the lines of aluminum. Hiis is found tiy taking 
spectra of electrodes with glass plate and without glass plate, (inly the prominent 
doublets of aluminium are seen in the spectrogrann other lines are Nuppirs,s(‘d 
due to the presence of the glass plate. 

The high frequency spark source is found to l>€ «>f great value in c|iiaiiia- 
tive analysis of the samples and therefore it was thought whether this source of 
excitation can be utilised for the quantitative estimation of an eleiiicnl* So it was 
tested along with the other commonly used excitation sources naiiifly d.c. are and 
condensed spark for the reproducibility and accuracy of tine results. 


For testing the nature of the. excitation sourc<*s. standard Hainplcs were pre- 
pared by adding varying amounts of manganese (from (IT,,, to F J iii the matrix 
which contained magnesium, calcium, potasium, sodium, iron and strontium 
salts. The matrix was made of only these elements as they are the major clemeni» 
present in the wheat plants. The above salts arc mixed well and healed at tKKFC 
in an oven for one hour. The mixture is divided into ten rciual parts and to 
each part of the heated matrix manganese chloride s<>!ution k added. Tlie 
mixtures containing varying amounts of mangamtse salt are mixrd well in an agate 
morter and water is evaporated by heating tlic paste in a IxiHin. Hie dried powder 
IS used for taking the spectrogram with the help of tliree types of sources, d.c. arc, 
condensed spark and H. F. Spark. 


The Spectrograph used for taking tlie spectra i.s IHlgar IiUrrmrdiaie ciiiartz 
spectrograph and the photographic plates were Kodak process tdalrii. Using each 
source of excitation four photographic plates were taken and for each plate the 
external conditions were kept constant (exposure time, distance iKHween the 
electrodes, diameter of the electrodes, developing time etc.), Intemtiy marks are 
put on each plate by using step filter in front of the slit of the Stiri tmonnili. 
Iron arc was the source of excitation for the intensity marks. 

Microphotometer records of tlie manganese lines (2571/ 1, 251137 and 2bd5i M 

druwn from the itiicropliotometet 
stepped iron line which was just near the mauf;;int'sc triplet in the Spec* 

j • .I ... Ha 


trogram. Firstly the log values of the 


manganese lines are coiiveited into 


clu 

,g 


and 


intensity with the help of the calibration curve which is drawn l»etwe<'n 1< 

thecSSsfni.llJ’!’ is passing through 

cular manffanes^p Hn .t ^%ht is passing through "the parti- 

cular manganese line under consideration). I'hen curves arc dr!wu between ‘log F 
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. tABLE 1 

Condensed Spark Source 
Manganese 0*70% 


No. 

Mn (2576-1 K) 

% 

Mn (2593-7 K) 

% 

Mn (2605-1 X) 

% 

i. 

0-69 

0-69 

0-71 

2. 

0-71 

0-71 

0-70 

3. 

0-70 

0-69 

0-71 

4. 

0-69 

0-70 

0-69 


Average deviation 1*43 ^ 




TABLE 11 




D. C. Arc Source 




Manganese 0-70 % 


No. 

Mn (2576-1 X) 

% 

Mn (2593-7 K) 

% 

Mn (2605-1 X) 

1. 

0-680 

0-67 

0-71 

2. 

0-71 

0-71 

0-72 

3. 

0-72 

0-71 

0-69 

4. 

0-59 

0-70 

0-68 


Average deviation 2-25 % 




TABLE III 



High Frequency. Spark Source 


No. 

, (Mn (2576-1 X) 

(Mn.(2593-7 X) 

(Mn (2605-1 X) 


/o. 

U 

% 

1. 

0-71 

0-72 

0-68 

2. 

0-67 


0-67 

3. 

0-73 

0-72 

0-68 


Average Deviation 3‘25 % 
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and percentage of mangtijaesc in the sample, f’rom (‘ach plate lliro* curves are 
obtained for the manganese triplet The sample which tumtained of nmnga- 

nese was taken for 'the test of the sources. From each curvt* the ciuantity of rnanga* 
nese is determined for each source and the average deviation Is foiiiicl out for the 
three types of sources. The values obtained Irom tlic graph arc giveat in table 
I, 11 & III for condensed spark, d. c. arc and high frequency spark respectively* 

CONCLUSION 

The qualitative analysis of a particular sample is duno satisfactory Ijy using 
high frequency spark excitation source as the impurity factor is cditninatcd by 
taking electrodes of platinum and aluminium with glass slide From tlic study of 
these sources for quantitative estimation it seems that condenscxl spark SiUirce is bat 
compared to d, c. arc and high frequency spark. The rt'pnHlucibiruy of the result 
is high and the average percentage deviation is less compared Iff that ol)tamed 
with d. c. arc and high frequency spark source. 'Fins may be due to tin* fact that 
t^he fluctuation of the sources are responsible for the large average deviation* 
In the case of high frequency source, the excitation condition do not remain 
constant due to the indirect coupling of the circuits, and this leads to a large 
average deviation. 
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FORMULAE FOR ESTIMATION OF ESTERS AND ALCOHOLS 
IN ESSENTIAL OILS, PART IV 

A SYSTEM CONSISTING OF TWO DIFFERENT ALCOHOLS, ONE ESTER 

AND ONE KETONE 


By 

JAGRAJ BEHARI LAL and RAMESH CHANDER PANT 
, General Research and ChemicalTechnology Section, H. B. Technological Institute, Kanpur 

(Received on 8th September, 1955) 

In a previous communications suitable formulae for a system consisting (1) 
two difterant alcohols, (2) two different alcohol and an ester, have been derived. 
In the present, paper, formulae for estimation of two difierent alcohols present in a 
system containing two different alcohols, one ester and a ketone have been derived. 

Formulae for two alcohols, one ester and a ketone in a mixture. 

Let a and b be thq percentage of alcohols A and B of respective molecular 
weight Ma and Mb and Va and Vb 

e = percentage of ester E of molecular weight Me of ester value Ve and 
k — percent of ketone of molecular wt. Mu 

Let Vi and V 2 be ester values of the mixture before and after acetylation. 


(a+b-l-e + k) = 100 

100 Vj 

^ Ve 

V yMk_^ 

" 20 S“' 

Now, 

-~-~(Ma+42) Va F F 42, V„ + e 


-r4- -(^4„ + 42 + ^Mb + 42) + e + k 
JX’la i^'lb 


Since, (Mn F 42) Va — (Mb + 42) Vi, = MeVo = 56100, we get 

1 ) 


V, = 


561000 r F-4’ +'-A 1 
,L Ma Mb Me J 

cf; T rvA r J. 4. ^ 

LMa Va MbVb M«Ve "56100 


•(i) 

(ii) 


(iii) 


(iv) 
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Substituting e ^ —^^-andVeMe ss 56100 
V e 


Vo a 


V., b 


Vj «. J_ Vj IJ J_ iw V.J yi J_ 

” -ik V V r TV if T r • 


100 


MaVa^ MfcVfc M.V, 


^2 k ^ . a t I> > 100 Vj 
56T00 "^“Ma Ml, ■*■' SO UK) 


or 


a 

M 






+_Il 

Vb rioi 


('-vD' 


v.^k 

fiGKWV 


•(v) 


The value of e and k can be directly determined from ester values of the 
mixture before acetylation and by hydroxylamine hydrochloride number. By 
rearranging equations (i) and (v) we get 


and 


ad-b-i-ed'k" 1 00 
b 


0 


k . 
56100' 


/i- /l- 3 /i- 

MaV V7/ MbV VbV 56100 \ V,/ 561 

giving the following determinant of the second order 

a b 


.... (vi) 
0 . . . (vii) 


Va 


A A- 3\ 3_/i. 3\1 

Mb\ Vb/ 561V Ve/ 


- 100 


1 

1 

100 + k 

- 100 

v.^ k 


_±./ 

1- 

,3/1-3'' 


56100 


MaV 

, Va/ 

561 V V,/ 

' 56100 


-lA- .3 A -i.A- .3,\ 

MaV Va / Mb \ Vb / 


Giving, 


ilO- v:)- 5^0- k('- m) ('“ ^ ) 


Ma 


A - . 

VgN 

i - ^ A 


A 

Va> 

' Mb V 

Vb) 

, 1 / 

1 

Va'v 1 

/i vA 1 

Mak 

1 “ 

Va/ ' Mb 

' N ” Vb)~M; 

1 

[Mb 

VaMb 

- Ma + ] 

Vb ^ 

MaMb 

Va ■ 


Ib^^MbVr 


(viii) 
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Denominator 



Since Mb = 

Vb 


■56100 


M, 


. Mb[ 


Vb 


42, and Ma = - 42 

Va 


56100 „ Mb 

vT- 


Ma r 
- Vb J 


=ds - i ) - ^ 

Again MaVa = 56100 - 42 Va etc. we get the above 


Ma Mb 

1_ 

Ma M 


.(56100 - 42 v.)(^-.^^ 


Numerator of equation (viii) multiplied by Ma Mb 

= Ma Mb T-^ /l Y2\ Vgk 1 /, v»\ / V 

[561 ( Ve) 56100 ” “ V^) (^00 ^ -i- k - 100^ 


= MaMbf.Yi.- -J,.' V2 _ V2k _ 1 00 V, k , 100 

L561 561 Ve 06100 Mb Ve Mb Mb M^VTVb 


100 V 1 V 2 


+ 


k V 2 100 V2 

MbV^ " MbVb 


] 


^ " 5 ^- wR - 

] 


Mb 

k , k Vg 

Mb Mb Vb 


MbVeVb 56100 


= lOOMaf^- 4- - v.VgMb v,Mb , v,v„Ma v.t m. 

L M. M.V. 56100 -5-6l00"vr - TSv: + ' OWS 

kMb , kvgMb 1 


4^ .R.V 2 lVlb 1 

100 Mb MbVbXlOoJ 


100 Ma 




k / Vg V 2 Mb 

100 Wb'" sofoT 


100 Ma 
k 

100 


[0 - + 5^ I (‘ - ^ (1 . )} 4 

(w- ‘)- 
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L\ v„-/ ^ 56100 A v„ / \ yj 


V, V v,/ + 


JL 1/3 - 1 - J 1 . ''2 

100 AVb V„' 1330 


100 M„ 


[(^ " viy 


Vi JMIOO _ 56100 V., 
56X00 V,," ‘ ■ " 


42+ '^2 ^56100 

^ IS 


56100 va] k /i _ v.i \1 

VbV„~ 1 100 \ " T33f';/J 


100 M; 


100 M 

100 M: 


““ [(■- ;4)+ ,,6Tfe (v: —A -*“(■' v:)i - 

m('--.A)] 

" v.)‘ 133f. ('■ \4)"’1 Bo(‘‘ l,33(i)] 


)/ 1 1 \ 1 / 

1 

Va \ 1 k / 


V»i \ 1 

(Wb ■ y,J~ 133(1 \ 

1 - 

V„)j "ioo( 

1 - 

i33(i)] 


By dividing the above by Ma M|,, the numerator 


,'a ) " 1336 “ v! ) ' 100 “ lihi). 


Hence, 


a [(' - ^) + •* {( v 7 - v',; ) - m; (> - v; )- ,U> - naJ] 

“ Tsk -v„) 

v:)-m('- uSs)] 

(561-04 - 0-42 va) ('-A- \ 

\ Vh Va / 

Similarly for (b) 

^ ^Mb [(1 - 3^1. _ v ;)"lOo(^“ uS l)] 

(561-04 - 0-42 v,)[^-^J 
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and b ~ 


Case 1. if the ketone is absent, tbe equation (viii) becomes 
„ K ^) - 1336 (‘- ^^)j] 

<^'^'•0^ 0 42 V., [T ] 

- ( (^ - " 4 (1 ■ ^f)[] 

{561-04 - 0-42 V,) /J- 

\ Vb 

Case 11. If an esUr is absent 

“• [('- a-K'- -i^s)] 




a = 


and b 


,561-04 - 042 v.rf i-' -- T] 

[C-^ )-K- dk)] 

(561-04 - 0-42 V,) f-i- - ~1 
•■Vt VaJ 


Case III. When hoth the ester and ketone are absent* 

a = Ma {V b - V,) ■ Va 

(561-04 - 0-42 Va) {Va-Vb) 

and b = 


(561-04-0-42 vJ ^Va-Vb') 
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%^AY DIFFRACTION PATTERNS OF SOME WAXES 


K. C. CHANDY an I 1). R. EHAWALKAR 
Department of Phjsics, University of Sau^ar, Hangar, M* i^ 
(Received on 30th November 1054) 


INlRODUCnON 

Waxes, natural as well as synthetic, are extensively used in in hiniry and the 
loboratory because of their special properties ; however, their conKtitution and 
structure are not clearly understood inspitc of fair amount of woik clone by the 
X-ray method and by the surface tension method (1). This is due to the- peculiar 
properties of the long chain compounds which occur in these; waxes in various pro- 
portions. Some of the natural waxes show highly interesting properties wliicli arc; 
not conimon to other solids. Besides the unusual dielectric absorption and other 
an^alous electrical properties of waxes, Egiichi obscrvctl that if a moltcii mixture 
ot Garnauba wax and bees wax is allowcxl to solidily uncha* a ingli edrearie field 
the solid disc becomes permanently polarized (2). ITis polarizcal mixture of waxes 
or elcctret as it is now commonly known, retains its charge intiefinitelv if properlv 
stored between tviro pieces of tin foil in electric ccintact, just as a iinc^giiet b kept 
between the keepers ( 3 ). 1 he electret is in many ways similar in propen tirs to 
the ^agneL After EguchPs pioneer work many other substances were tried fn this 
4 i^cluding ccramics and plastics and it is now known that ordy polar 
compounds are capable of producing electrets. * 

stance?r?a7ran^'inf ^ hf the p.,iar huI.- 

cuTartoV^nfn =‘>>'1 Pnprndi. 

(4) The clcarlv show ilu^ oriemation (dThese molrcules 

wroJdLh? 

extensive eZ?cW^ O ' methods (5), ((,). hut tim vve.ik in not 

ties of electrets and corelutiou between the other pecuUari- 
matcrial of the '‘^arnph-, it is kiunvn that the 

surface charge of the el Padd has a considcralih; inliiienee on the 

electrons without aS pSariA. fioS“ X“T.- l-a“‘ '“■I"'™' 

charge, while the true electret showt o v, 't'h’Ws only [iui hiee 

during the course of work on elertrets il^thkd(l/*’ T J*- "hserved 

waxes and electrodes are stiidied m ^ surlaces ol these 

orientation of the surface molecules denend^^^ Bahhiet’s conipi-nsator, the 

was decided to study the DebWscCrtVT Hence it 
Wax when cooled witLut polari/im^ fielrl h PuUcrus ol Carnaulm 

the results with those orotherwS “ Bdlerent surfaces and compare 


[' 34 ] 




Fig. 1 

X^ay Diffraction pattern of Garnauba wax 
formed between tin foils ; Tungsten white 
radiation 43 k. v., 15 m. a.» Distance between 
specimen and film 5 cms. A fine beam of X-rays 
was used. Exposure 6 Hours, 



Fig- 2 

X-ray Diffraction pattern of Garnauba wax 
formed between tin foils. Tungsten white radia- 
tion 43 k. V., 15 m. a. Distance between speci- 
men and film 10 cms. Exposure 4 Hours, 





Fig 3. 

X*ray diffrac.tion pattern of Carnauba wax 
disc formed between tin foils. Cu K a radiation 
perpendicular to plane of disc. 43 k. v., 15 m. a., 
Distance between specimen and film 5 cixis. 
Exposure 4 Hours. 


Fig. 4 

X-ray diffraction pattern of Garnauba wax 
disc formed between tin foils. Cu K a radiation 
parallel to the plane of the disc. 43 k. v., 15 m. a., 
Distance between specimen and film 5 cms. 
Exposure 4 Hours. 



Fig. 5 

X-ray diffraction pattern of Garnauba wax 
formed between tin foils. Cu K a radiation. 43 
k,. V., 15 m. a., Distance between specimen and 
film 5 cms. A fine beam of X-rays was used. 
Exposure 4 Hours. 


Fig. 6 

X-ray diffraction pattern of Garnauba wax 
formed between plane copper strips. Cu K a 
radiation, 43 k. v., 15 m. a.. Distance between 
specimen and film 5 cms* Exposure 4 Hours. 


Ai’P.vKA'rirs 


Kxp. rl.n.-nt;,l siimpks wm* propaml in the following wav A hote nf 

diameter was cut m uii ehomte sheet of about 1| mm thicknfs^s ^ 

covered with tin Ihil. Molten wax was poured in this small hollow sp^ce Td 
covered np with another piece of tin foil pasted to a elass n1if>. ° “ 
allowed to solid^ify _ and the tin foils were peeled ofl'. The disc was detached frIS 

The surface was filed off to be 
mm. SimiLii discs were made from 


allowca lo^ .soiiciuy ^arw tnc tm loils were peel 
the body ofllie ebonite* fratne by gentle tapping, 
uniform and tlu* tlucknrss was reduced to 4: 
bess wax, I'^araJliti wax and Lac wax. 


tion of the luolecides in the body of these waLs by using dilfercit con tS °s ulcer' 

Tlu- X- lay till le was vyorked at 43 KV with 15 ma current. Ka line of On 
was used to take tile dillracuon patterns. A fine pencil of X-rays was passed through 
t utspee.nu n aml the didractioi, pattern photographed with a flat cassette camera 
the distance between the plate and the specimen being S'O cm. The diamete^ If tW 
rings we,eme...Hn,ed with a nncro.Hcope. Photographs were also taken by us W 
contmuoms X-riuluition horn a 1 ungnten anticathode tube. ^ ^ 


•I'he diHVaetion i att.n.., obtained by passing a fine pencil of X-rays were verv 
clear anti tli<- rings were umlonn m intansity all around showing that there is no 
pieferte,! lu iemation of the moleciiIe.s in any dirtxtion. Diffraction patterns were 
alsi) obtained by uirning the ipe. in.en through 90° so that the X-rays passed parallel 
to the metal surfaces ; the '.pecim.-u had to he cut properly for these experiments 
However there was no duui ye in ihe general nature of the pattern. In all about 80 
phot.nn..p!r. were taken and the tables lielow gives the .spacings as obtained from 
each rmg unirig ihr full<nvmg formulae i — 




2 Sin 0 


where I? -4 Um ^4 

a 

V radius of the ring 

!) cUntance between specimen and photographic 
plate. 

A \vav<' length of X-rays used; in the present 
I'xpco InjvMUi CuKa (L542X) was used. 
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TABLE I 


X-rays transmitted perpendicular to 
plane of disc. 

X-rays transmitted parallel t(J the 
plane of disc. 

13-004 

X units. 

13-;)f)4 X units. 

7-179 

>> 

7-238 

4-747 


4-747 

4-293 

>9 

4-2B(i 

3-863 

5 > 

3-885 

3-053 

>> 

3-053 

2-529 

9 9 

2-539 

2-393 

99 1 

2-3<)5 

2-275 

99 

2-275 


Spacing obtained for Carnauba Wax (Fatty Gray variety) from di?«cs prepared 
by solidification between tin foils. 

table n 

Solidified between tin fuils. 

Solidified between copper .«rip.s. 

13*336 X units. 

13-603 X units. 

7-206 

7-461 

4-746 

4-64 

4-273 

4-206 

3-852 

3-782 

3-053 

3-105 

2-522 

2-593 

2-389 

too feeble to be measured. 

2-262 

2-31 

obtained for Carnauba Wax (Fatty Gray variety) from discs prepared 
by solidification betyreei) (i) tin and (ii) Copper. t 1 h 
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TABLE in 


Paraffin Wax 

Bees Wax 

i . 

Carnauba Wax 

Lac 

Wax 

20-313 

X units. 

12-972 

X units. 

13-336 

X units. 

13-673 

X units. 

13-748 


7-16 

>5 

7-206 


7-179 

>> 

7-262 


4-629 

>> 

4-746 

j? 

4-648 


4-734 


4-196 


4-273 

? j 

4-239 

J 9 

4-282 


3-758 


3-852 


3-841 

99 

3-854 


3-073 


3-053 


3-053 

99 

3-066 


2-546 


2-522 

5 J 

2-532 

9 9 

2-536 

j j 

2-415 


2-389 

?? 

2-418 

99 

2-404 

? j 

2-279 


2-262 


2-28 

99 

2-273 








2-175 

>> 

I 








Spacings for different was discs obtained by solidification between tin foils. 

It will be seen from table I & the photographs that the results for both the 
patterns are identical. There is therefore no preferred orientation of crystals, either 
along or perpendicular to the metal surface. In table II there is a slight change in 
the spacings for some rings. However it is difficult to draw any conclusions as the 
shift, which is very small, is present for a few rings only. In table III the spacings 
for 4 waxes are given. Of these, paraffin wax does not give any electret & has the 
maximum number of rings. The rings for Bees wax and carnauba wax are similar 
& same in number. These two waxes are known to give good electrets. 

The authors would like to record theii: thanks to the Ministry of Education for 
the grant of a Senior Research Scholarship to one of them (K. G. G.). which enabled 
the above work to be carried out. 


SUMMARY 

The Debye Scherrer X-ray diffraction pattern? of Carnauba wax prepared in disc form by solidi- 
fication between different surfaces (tin foils, copper strips) without any applied electric field, were 
studied with a view to investigating whether different electrode surfaces as such have any influence in 
producing preferred orientation of the molecules of the wax during electret formation. However no 
preferred orientation was detected. Paraffin wax. Bees wax and Lac Wax were similarly studied with 
the same result. Paraffin wax gave the maximum number of rings. Spacings obtained for Lac, wax 
Bees wax and Carnauba wax were nearly the same. The latter two waxes are known to give electrets. 
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THRESHOLD POTENTIAL AND PASCHEN’S LAW FOR 
HYDROGEN UNDER SLEEVE EXCITATION 


liy 
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ABSTRACT 


Observations of the threshold potential for silent electric discharge in hydrogen under sleeve 
excitation using 50 cycles a. c. are reported in the ranoe of ‘pd’ from 4 t(» dtlO latn. iig. rut. Whib 
these values are higher than those for a spark with metal electrodes under d c. excitation, Poschen's 
law is found to be obeyed. 

The irnportattt role of the threshold potential, Vm, in reactions utttler elec- 
trical discharge and also in the /\i phenomenon has been empha'dr.-ii hy Jtwhi.' 
It was suggested^ by him that the gas breaks down as a dielectric at N'm which also 
corresponds to the energy of activation and tliat Vm rnay be identili ible with or 
simply related to the corresponding Paschen potential. It was thertd'ore of interest 
to investigate the dependence of the threshold poteuti.ii on the pressure of the gas 
with a view to extend the Paschen's law for this type of discharge. 

A cylindrical glass tube of internal diameter 1'20 cm. and fitted with external 
metal sleeves separated by 1’50 cm was filled with hydrogen in the pressure range 
from 3 to 200 mm. Hg. and was excited by using an II. T. transformer using .hO 
cycles a. c. The current flowing through the discharge tube was rnejwurrd by a 
galvanometer in the plate circuit of the detector (RCA 30) connected to the L. T. 
line by a step up transformer. To study the current waveform, the poi.-niial 
drop across a serial resistance in the L. T. line was fed to th<? vertical input of a 
cathode ray oscillograph (Dumont 274A). 


Corresponding to each pressure, no current was registered in the galvanometer 
below a certain critical value of the potential applied to the tube. At iliis critical 
potential, Vm, the galvanometer suddenly regist<;red a cun-ent. This wtvs ttecorn- 
panied by the initiation of a glow in the discliarge tulre characteristic of the gas ami 
also the appearance of h. f. pulses on the current oscillogratn. Fig. 1 .sliows the 
variation of Vm against the gas pressure ‘p’ and ‘pd’ where ‘d' is the ituersleeve 
distance. It is seen that Vm is sensibly a linear function of both ‘p’ and ‘ikT intUcti- 
ting that the Paschen’s law holds' even for this type of discharge. 


Extensive measurements for the spark lircakdown between phme parallel 
electrodes in hydrogen have been made by a number of worker.s*’'* who have shown 

that for the range of pd as employed here the law of Paschen holds. I t should he 

remarked, however, . that this is true only when the separation of the pUucx <1 la 
small as compared to their diameter D. In the contrary case slight deviations 
from Ae Paschen s law have been observed.'* Theslightdeviation fromlinenrhv 

in the high pd range observed in the present case may, at least in part be •iitribn' 
ted to this. The deviation observed in the low pdrakge, making The 

towards Ae pd axis, is similar to that reported for spark- breakdown and Ls to * Iw* 
attributed to the change in a/p from an exponential to a byperliolio function of V/n 
m this range of low pd. It is of interest to mention here lhat when dm mechanism 

of breakdown depends on the concentration of ions rather than their total number 
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produced, it appears that Paschen’s law will not be obeyed as shown by Varney 
et aL^ It is to be expected therefore that for this type of discharge also the 
mechanism of breakdown, at least for potentials near Vm, does not materially depend 
on the concentration of ions or space charges. 

■ 

Recently it has been shown by Graggs and Meek’, and Francis® that the onset 
potentials for a. c. discharges are the same as those for d. c. discharges, Similar 
results are reported by Watson^ though in some cases differences have also been 
reported. According to Locb^^, the 60 cycle a. c. spai'king potentials should not 
differ from the steady potential values unless corona proceeds breakdown. A 
comparison of the threshold potential Vm (peak value) observed in the present case 
with the values for the spark potential Vs reported by Jones and Henderson^ from 
extensive measurements using six different cathodes shows that the values obtained 
in the present case are appreciably higher, and the difference Vm- Vs increases 
with pd. It is known^’^^ that the breakdown potential depends on the workfunction 
of the cathode and the higher the workfunction the higher the breakdown potential. 
The larger values of Vm’ in the present case, however, cannot be attributed entirely 
to this difference in the workfunction of glass and metals because differences in 
the breakdown potentials for cathodes of different workfunction are maximum near 
the minimum sparking potential and tend to become zero for higher pressures^»^i. 
Moreover, the effective workfunction for similar discharges, as determined by 
Deo^^ in chlorine and Tawde and .Gopalkrishnan^® in air from the photoelectric 
threshold is only about 2ev (A=8130 and 8021 X respectively) which is lower than 
that of most metals. It is suggested therefore that a part at least of the difference 
Vm - Vs is due to a fall of potential on the glass electrodes, which is not operative 
on the gas. However, it is seen that Vm- Vs is not a linear function of Vm and a 
part of it may arise from some other causes, such as the absence of illumination of 
the electrodes. Further work in respect of this is in progress. 


My grateful thanks are due to Prof. S. S. Joshi of the Banaras Hindu Univer- 
sity for suggesting the problem and for his keen interest and advice throughout the 
progress of this work. 
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PHYSICO-CHEMICAL STUDIES ON THE CONDENSATION 
PRODUCT OF o-^PHENYLENEDIAMINE WITH 
REYCHLER'S ACID 

By 

MAGHAR SINGH MANHAS ani ARVIND VINAYAK MAHAJANI 
(Department of Qhemistry, University of Smgar, Sagar} 

(Read at the Annual Session on 29th Decembcfr 1954J 

The equivalent weight of the condensation product of o-phenylencdiamine 
with Rcychler’s acid has been deteroiined potentiometrically and conductometrically. 
The values, thus obtained, correspond well to the theoretical value of 340 assumihg 
that the condensation between the amine and the acid proceeds withotit the 
elimination of a water molecule. 

An attempt has also been made to study the usefulness of this substance 
as an acid-base indicator and it is found that a. freshly prepared aqueous solution 
of this substance fairly satisfies the important requisites of such an indicator. 

In a previous communication^, the results of the condensation of o-phenyIcnedi“ 
amine with Reychler’s acid have been reported. The results of the conductometric 
and potentiometric titrations of an aqueous solution of this compound with a 
strong base have been incorporated in this paper. The usefulness of this substance 
as an acid base indicator has also been explored. 


EXPERIMENTAL 

Determination of the Equivalent Weight : 

(a) Potentiometric method , — The equivalent weight of this compound was 
determined by the potentiometric titration method. 25*0 c.c. of an aqueous solution 
containing 2 gms. per 100 c.c, was titrated against N/3*17^ caustic soda ’solution. 
The change in pH during the titration was studied by means of the Beckman pH 
meter. The results of the experiment have been recorded in table I. 

The values of ApH/Av in the vicinity of the end point and the correspon- 
ding values of v-l-jAv are recorded in table I L In this experiment it is found 
that A pH/A V has the maximum value when 4*675 c.c. of N/3*17 caustic soda 
solution is added and accordingly the equivalent weight of this substance is calcu- 
iated to be 338.9. 

(b) Conductometric method — c.c. of the solution of this substance were 
titrated with N/2*903 caustic soda solution. The observations arc recorded in 
tabic HI. It is evident that 5*14 c.c. of caustic soda solution are equivalent to 
30*0 c.c. of the solution of the substance in question and hence its equivalent 
weight works out to be 339*3. 

(c) Titration Method,^T\it equivalent weight of this compound was also 
determined directly by titrating it against a standard caustic soda solution. 
J^o indicator was necessary as the compound acted as a self indicajior, the end 
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point being marked when the colour changed from orarigr yrltiiw. The 
equivalent weight was found to be 239*4 by tins innhocL 

The values of the equivalent weight ol>tainrd by ciirrci titration method 
were in close agreement with those obtaimti by ccuulucioinrtric or jioirfitiftrictric 
methods which were employed to ascertain tlu- ^ valiums of ccjuivalriii weigtu 
obtained by direct titration methocL The end point in condHrourntj ic and fxitetni- 
ometric titration is determined irrespective of tlic colour e.iiaiige and there** 
fore decidedly of advantage to detennine the vahu's of equivaiimt weight (wer 
the direct titration method. Further it may he pointed out that the potrntiometiic 
titration enables us to determine directly the basicity <d‘ the eoinpiauid under 
examination and hence its molecular weight. however b not possildc by 

the ordinary titration method. 

DISCUSSION 

The potentiomctric titration .shows that an aqueous s<duiionof this siihslancc 
behaves as a monobasic acid. Hence its moh'cular weight .should I»e the same as its 
equivalent weight i.e. 338*9. This value is in good agrecamaU with iliat ohiairied 
bydhe conductometric titration method i.e. 339*3, Further, tln*se valors are very 
nearly the same as the calculated value for tlu^ inolcT4ilar waughi of this solifUance 
namely 340, assuming that the condensation hetwenm eciuhnoieenlar po»po!rii*ns of 
0“phenylcnediamine with Reychler’s acid pnjeeeds witlumt the eliinitiiiiion 
water molecule as follows : — 


CH2-SO3H 
CH2 t CO 

CH3^(!:-cm 


ch; 


' CH — ' CH2 


KHz 




CHj 


■ CO 


CHj-C-CHj 


CH,- 


•CH CHj 




Degree of Dissociation and Dissociation Constant : 


possible to calculate the degree of ionbar ‘‘**. *’■ 

concentration in place of activities 'r-iK ‘“i'" '>)' >ising 

lar weight of the o-phevienediaminr. ^ theoretical value for the iiiolecu- 

ofits solution containing^2 gm ner 10!^? n T as '341), the ruolarity 
at 250 c is 2-92. The%r^ee'of Ln 1 r” P“ <'f this solution 

a weak acid is 2-04 x lO'h App v n- tw^ 1 1 ’' 

S'piiTir, 
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the values for pK obtained from two independent sources are very close to 
each other. 


Usefulness as an Acid-base Indicator ; 

As reported earlier^, an aqueous solution of this substance, which may now 
be regarded positively as o-phenylenediamino-camphor-jS-sulphonate shows colour 
changes with variations in the pH of the medium being deep orange in acid 
medium and yellow in alkaline medium. Attempts were, therefore, made to study 
its applicability as an indicator in acid-base titrations. It was, however, observed 
that it can safely be used as an indicator in titrations of strong acids with strong 
bases. Further, it was noticed that colour change is better perceived by adding 
base ■ to the acid than vice versa. In such titrations the addition of small 
quantities of salts like alkali halides, sulphates, acetates etc. have no effect on 
the titre values. Moreover, variations in temperature to the extent of 15*^0 
above or below the room temperature did not appreciably effect the results. 
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TABLE I 


Vot. of Salt Solution 25'0 c.c. 


Vol. of Alkali 

pH 

added 


0-000 

2-92 

. 0-200 

3-30 

0-370 

3-55 

0-490 

3-68 

0-600 

3-78 

0-780 

3-92 

0-945 

4-02 

1-150 

4-12 

1-390 

4-25 

1-690 

4-40 

2-020 

4-52 

- 2-355 

4-68 

2-575 

4-80 

2-760 

4-86 

2-995 

4-95 

3-235 

5-05 

3-435 

5-16 

3-620 

5-25 


Strength of NaOH Solution N/3*17 

Vol. of Alkali pH 


added 


3-825 

5-40 

4-110 

.5:65 

4-175 

5-68 

4-305 

5-82 

4-375 

5-95 

4-450 

6-22 

4-520 

6-45 

4-590 

6-80 

4-660 

7-62 

4-685 

9-00 

4-720 

10-12 

4-790 ■ 

10-65 

4-860 

10-90 

5-000-' 

11-15 

5-130 

11-30 

5-255 

11-38 

5-615 

11-52 

6-305 

11-72 
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TABLE II 


PotenHomeiric TitraHon salt solution with S Hlium Iljilroxidg 
Vol. of Salt Sol 2frfl c. f. 

Strength of NaOI I Sol, UjU'll 


Vol. of 
NaOH 

pH 

A pH 

. V 

■ pH/ '.v 

V i /\v 

(V) 






4- no 

5-65 





4-175 

5-68 

0-03 

0-065 

0-463 

4-142 

4-304 

5-82 

014 

0-129 

1-085 

4-239 

4-375 

5-95 

0-13 

0-071 

1-831 

4-339 

4--f50 

6-22 

0-27 

0-075 

3-600 

4-412 

4-590 

6-80 

0-58 

0-140 

4-143 

4-520 

4-660 

7-62 

0-82 

0-070 

11-70 

4-625 

4-685 

9-00 

1-38 

0-025 

55-20 

4-672 

4-720 

10-12 

1-12 

0-035 

32-00 

4-702 

4-790 

10-65 

0-53 

0-070 

7-571 

4-755 

4-860 

10-90 

0-25 

0-070 

3-555 

4-825 

5-000 

11-15 

0-25 

0-140 

1-785 

4-930 

5- 130 

11-30 

0*15 

0-130 

1-154 

5065 

5-255 

11-38 

■ 0-08 

0-125 

0-640 

5-275 

5-615 

11-52 

0-14 

0-360 

0-308 

5-435 
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TABLE III 


Conductometric Titration of the salt solution with Sodium Hydroxide 

Vol. of salt sol. (V) 30-0 c. c. 

Strength of NaOH sol N/2'903 


Vol. of alkali 
added 
(v c. c.) 

0-000 

0-120 

0-270 

0-410 

0-540 

0-640 

.0-785 

0- 910 

1 - 010 

1- 690 

2- 300 

3- 500 

4- 500 
4-700 

4- 900 

5- 000 
5-040 
5-080 
5-120 
5-200 
5-300 

5-420 ■ . . 

5-510 

5- 810 

6- 500 
8-020 
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Corrected Conductivity 
C X ( mhos 

42-20 X 10-« 

40-67 Xl0-« 

39-66 X 10'* 
39-54x10'* 

39- 82 X 10-* 

40- 34x10-* 

40- 84x10-* 

41- 31 XIO-* 

41-77x10-* 

43-61 xl0-« 

45-76 X 10-* 

50-03 X 10-* 

54- 42 X 10-* 

55- 17 Xl0-« 

55- 84 X 10'* 

56- 58x10-* 
56-76x10-* 

56- 96 X 10-* 

57- 24 X 10-* 

59-37 X 10-‘ 

62-13 X I0-< 
66-12x10-* 

69-11 X10-* 
79-98x10-* 

104-00x10-* 

158-40x10-* 

] 
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